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; (57) Abstract 

1 £ 

i The present invention concerns the com- X I m 

j pounds of teU (I) ihe A'-oxiite forms, the ..i * T * v J_ / \ 

j pharrnaceutically acceptable acid addition salts 
! and strreochemicaily isomeric forms thereof, 
; wherein X is O or S; n is 2, 3, 4 or 5; R' is 
; hydrogen, Ci-talKyl, Ci^alkyloxy or halo; R 2 
' C.!l2kT? C ^ yl «^? C '* lk >' t °; Ptenylcarbonyl; R> and R 4 each independently are selected from hydrogen, halo, nitro 

I f ™ v ^ y armnosuifonyl. mono-or dicC^alkyDaminosulfonyl; or R> and R 4 mav al<o be taken toce he r To 

^ » ^nl radical of formula OKIWWII.; it further relates to processes for "their preparation, composHions coTpS^ 
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WO 97/43271 PCT/EP97/02505 

ALKYLAMINOBENZOTHIAZOLE AND -BENZOXAZOLE DERIVATIVES 



The present invention concerns alkylaminobenzothiazoles and -benzoxazoles; it further 
5 relates to processes for their preparation, compositions comprising them, as well as 
their use as a medicine. The compounds of the present invention exhibit specific 
dopamine D4 receptor antagonism and may particularly be useful as antipsychotics, 
especially in the treatment and/or prevention of psychotic disorders such as 
schizophrenia. In addition, the present invention concerns compounds of formula (I) 
10 containing a radioactive isotope; a process of marking dopamine D4 receptor sites; and 
a process for imaging an organ. 

H is generally accepted knowledge that dopamine receptors arc important for many 
biochemical functions in the animal body. For example, altered functions of these 

15 receptors not only participate in the genesis of psychosis, but also of anxiety, emesis, 
motoric functions, addiction, sleep, feeding, learning, memory, sexual behaviour, 
regulation of immunological responses and blood pressure. Since dopamine receptors 
control a great number of pharmacological events, some of which are thus far unknown, 
there is a possibility that compounds which exhibit a specific binding affinity for the 

20 D4 receptor may exert a wide range of therapeutic effects in humans. 

EP-A-0.335.5S6, published on October 4. 19S9. describes 2-f4-(diarylmethyl)-l- 
pipcrazinynalkylaminolbeiuothiijzoies and -benzoxazoles having antihistamine and 
antiallergic activitv. 

The alkylaminobenzothiazoles and -benzoxazoles of the present invention surprisingly 
show a high degree of dopamine D4 receptor binding affinity. Moreover, the present 
compounds have a selective affinity for the dopamine D4 receptor over other dopamine 
receptors in the human body. The subject compounds also show variable affinity for 
30 other receptors such as. for example, serotonin receptors, histamine receptors, 
adrenergic receptors, cholinergic receptors and the a-binding site. 

The present invention concerns compounds havinc the formula 
i ^V-x 1 , — N /— v R 

35 the AJ-oxide forms, the pharmaceutically acceptable acid addition salts and 
stereochemically isomeric forms thereof, wherein 
X is O or S : 
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nis2. 3, 4 or 5; " • 

R 1 is hydrogen, C|-6alkyl.C].6a1kyloxy or halo; 

R 2 is hydrogen, C|.6alkyl, phenyl, phcnylC|.6alkyl or phenylcarbonyl; . ". 
R 3 and R 4 each independently are selected from hydrogen, halo, nitro. Cmjalkyl. 

Cj-6alkyloxy, haloC|-6alkyl, aminosulfonyl, mono- or di(CMalkyl). ' - 

aminosulfonyl; or 

R 3 and R 4 may also be taken together to form a bivalent radical of formula 
-CH=CH-CH=CH-. 



10 As used in the foregoing definitions and hereinafter, halo is generic to fluorb, chloro? 
bromo and iodo; Ci^alkyl defines straight and branched chain saturated hydrocarbon 
radicals having from 1 to 4 carbon atoms such as. for example, methyl, ethyl, propyl, 
butyl. l-methylethyl. 2-mcthylpropyl. 2.2-dimethylethyl and the like; Ci_6alkyl is P- 
meant to include C]-4alkyl and the higher homologucs thereof having 5 or 6 carbon 

1 5 atoms such as. for example pentyl. 2-methylbutyl. hexyl. 2-mcthylpcntyl and the like; 
haloC|-6alkyl is defined as polyhalosubstituted Ci-6alkyl. in particular C]-6alkyl 
substituted with 1 to 6 halogen atoms, more in particular difluoro- or trifluoromethyl. 

The pharmaceutical ly acceptable acid addition salts as mentioned hereinabove are 
20 meant to comprise the therapeutically active non-toxic acid addition salt forms which 

the compounds of formula (I) arc able to form. Said salts can be obtained by treating 

the b.ise form of the compounds of formula (1) with appropriate acids such as inorganic 

acids, for example, hydrohalic acid. e.g. hydrochloric or hydrobromic. sulfuric, nitric. 

phosphoric and the like acids; or organic acids, such as. for example, acetic, hydroxy- 
25 acetic, propanoic, lactic, pyruvic, oxalic, malonic. succinic, malcic. fumaric, malic, 

tartaric, citric, methanesnlfonic, cthancsulfonic. benzencsulfonic. /Molucnesulfonic 

cyclamic, salicylic, /'-aminosalicylic, pamoic and the like acids. 

The term addition salt as used hereinabove also comprises the solvates which the 
30 compounds of formula (I) as well as the salts thereof, arc able to form. Such solvates 
are for example hydrates, alcoholatcs and the like. 



The W-oxides of the present compounds are meant to comprise those compounds of , : 
formula (I) wherein one or more nitrogen atoms arc oxidized to the so-called Af-oxide. 

The term "stereochemically isomeric forms" as used hereinbefore and hereinafter 
defines all the possible isomeric forms in which the compounds of formula (I) may. 
occur. Unless otherwise mentioned or indicated, the chemical designation of 'Ji'lj-i. 



compounds denotes the mixture, and in particular the racemic mixture, of all possible 
stereochemical ly isomeric forms, said mixtures containing all diasiereomers and 
enantiomers of the basic molecular structure. Stereochemical ly isomeric forms of the 
compounds of formula (I) and mixtures of such forms are obviously intended to be 
encompassed by formula (1). 

Some of the compounds of formula (I) may also exist in their tautomeric form. Such 
forms although not explicitly indicated in the above formula are intended to be included 
within the scope of the present invention. For instance, compounds of formula (I) 
wherein R 2 is hydrogen may exist in their corresponding tautomeric form. 

An interesting group of compounds are those compounds of formula (I) wherein X is S 
and R 2 j s hydrogen, Ci-6alkyl, phenyl or phenylC ).6alkyl. 



\:l> by.'**. 



Another interesting group of compounds arc those compounds of formula (I) wherein X 
is O and R 2 is hydrogen, C ] .fialkyl or phenylC ] -galkyl. 



Also interesting compounds are those compounds of formula (I) wherein R3 and R* are 
selected from the goup consisting of hydrogen, nitro, halo. C | -6alkyl, C i .ealkyloxy 
and trifluoromethyh or R^ and R 4 are taken together to form a bivalent radical of 
formula -CH=CH-CH=CH-. 

Particular compounds arc those interesting compounds wherein n is 2. 3 or 4. 

Preferred compounds are those compounds of formula (1) wherein X is S, R 2 is 
hydrogen, Ci-6alkyl, phenyl or phenylC i- fialkvl. and n is 2. 



Other preferred compounds arc those compounds of formula (I) wherein R 2 and R3 are k : 
hydrogen and R 4 is chloro. 

Most preferred are the compounds } 3 

^[^H^^-dichlorophcnyO-l-pipcrazinyllethyll^-bcnzothiazolamine; 
A^[2-(4-phcnyI-l-pipera2inyl)ethyl]-2-benzothiazolamine; ; 

^[2-[4.(4-chlorophcnyl)-l.piperazinyl]cthyl]-2-bcnzothiazo!amine; "HP 
AM2-[4-(4-bromophcnyl)-l-^^ j ^ 

stereoisomeric forms and the pharmaceutical^ acceptable acid addition salts thereof. 

The compounds of the present invention can generally be prepared by /^alkylating an v v 
intermediate of formula (III) with an intermediate of formula (II) wherein W' ■ A . S". ft^t 
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20 



>-W + H- N -(CH,)-N^ 



N 




A/-alkylation 



(1) 



(H) 



am 



Said W-alkylation may be performed by stirring and heating the reactants in a reaction-^ 
inert solvent such as ethanol. 2-ethoxyethanol, 1-butanol, methylisobutylketon or i: 
toluene, preferably in the presence of a suitable base such as sodiumcarbonate, and \Sl 
optionally in the presence of a catalyst such as, for example, potassium iodide; 

In this and the following preparations, the reaction products may be isolated from thef^ 
reaction medium and. if necessary, further purified according to methodologies . :.V 
generally known in the art such as. for example, extraction, crystallization, trituration© 
and chromatography. - : ( 

Compounds of formula (I) wherein X is S. said compounds being represented by : : 
formula (I-a), may be prepared by reacting an intermediate of formula (III) with an 
intermediate of formula (IV) in a reaction-inert solvent such as. for example, tetra- ' 
hydrofuran. and subsequently cyclizing the thus formed intermediate of formula (V) in 
a reaction-inert solvent such as. for example, chloroform, and in the presence of a V 
suitable reagent such as. for example, thionylchloride. Alternatively, compounds of 
formula (I-a) can be prepared by directly mixing an intermediate of formula (III) with 
an intermediate of formula (IV) in a reaction-inert solvent, such as. for example, 
chloroform, in the presence of a suitable reagent such as. lor example, thionylchloride;:"' 
thus forming in situ an intermediate of formula (V) which is immediately cyclized 
during the course of the reaction. 

H-N-(CH,> B -N^N-£j( ^ + ^j>_ N = c=s 
(III) ^ 



(IV) 



I^JL n >-n-«:h A -n w n-^ ; 



(I-a) 



K R 

I I 
N N 



f j Y NcHi, -0 

(V) 



S 



V R> 
R 



The present compounds can also be prepared by ^-alkylating an intermediate of . J^I/i, % 
25 formula (VI) with an intermediate of formula (VII) wherein W2 is an appropriate.^ -^r^ 
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hn /~~\ _/— R * . ' 

V_/ N \_/ > R 4 + >-N-(CH,).-w»: _ (I) ' : 

(V,) (VII) 
Alternatively, ihc compounds of formula (I) can be prepared by JV-alkylatinir an 
3 -ermediate of formula (XV) with an intermcdiatc otLj^Ztel^ Z ■ 
appropnate leaving group .such as. for example, a halogen in a reac t on V *" 

for example, sodmm hydride or a functional equivalent thereof. S ' ; 



20 



25 



w ; -(CH :)n - N / \~f~^ + ?V^S-\ ^Ikylation 

N ' \_>R< I /L >~ N -H 



(XVI) 



(XV) 



convene, inlo compou „ ds of fonwlh(I| ^ R £ ^ ^ ^ 

r„„ g m «na, of fonnu.a (., v,,h . a Pprop ,, a ,e ^ or ^^^2^ 
Appropna,. ,„„ rg a„ ic prides comprise. f„ exa mp ,e. hydro S e„ ^ u „ - ..' 
«- or ea„„ aMne me ,a, «. e.g. sod ium pj^. •. 

Pp ro pna,eor g a n iepe,oxide Sm a y eo mpris e P e roxy acid SSU chas fo3T ■ 
3-chlo ro be„ 2 eneea,bo P e,oxoie a eid. P e,„ I „a, k a„„ iC ae i d s .e E peroxoaeeMe ^ 

,„„e r a lk a„o, S . e,. e lh a„„, and , h e , ike . M^tt^ Z « 
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Intermediates and starting materials used in the above reaction procedures are mostly!! 
known compounds which are commercially available or may be prepared according tpl 
art-known procedures. For instance, intermediates of formula (XV) may be preparedifi 
according to the procedure described in J. Chem. Soc, 1962, 230, and intermediates^! 
formula (XVI) may be prepared according to the procedure as described in N 'Ml 
JP 60202883. '' • 

The intermediates of formula (III) can generally be prepared by hydrolysis of a : ? 1! - 
carbamate ester of formula (VIII) in a reaction-inert solvent such as, for example, Jt^ 
isopropanol and in the presence of a suitable base such as, for example, potassium ^ $ 
hydroxide. It may further be convenient to perform said reaction at reflux temperature. 



10 



R''-^ /=. y ^ R" > 

/-N N-(CH 2 ) B — N-COOC : H, " ^ (][]) 



R 4 



(VIII) 



Intermediates of formula (VIII) may be prepared by ^-alkylating a piperazine derivative 
of formula (L\) with a carbamate ester of formula (X) wherein \v3 j s an appropriate ; 
15 leaving group such as, for example, a halogen. 

y "V-s/ \,„ . » 1 -V-alkylation 

/-N NH + W -.CH : ) >r -N-COOC,H, - (VIII) 

R -4 1 ' 

(IX) (X) 

Said reaction may be performed by stirring and heating the rcactanls in a reaction-inert ^ 
solvent such as, for example. 4-mcthyl-2-pcmanorte. in the presence of a suitable base- 
such as sodiumcarbonate. and optionally in the presence of a catalytic amount of a 
20 potassium salt such as, for example, potassium iodide. '. V / Jv- • . 

Intermediates of formula (III) wherein R2 is hydrogen, said intermediates beinl/J ll ' 
represented by formula (Hl-a), can also be prepared by catalytic hydrogenatibn of £Sf ! 
nitrile derivative of formula (XI) using hydrogen in the presence of ah appropriate^^ I 
25 catalyst such as. for example, Raney-nickel. It may be convenient to perform said :*f|l ; 
reaction in a reaction-inert solvent such as. for example, tetrahydrofuran ! or methanol-; 
saturated with NH3. : \ - 



W0 97/43271 ■•• -rcrnMrnsos^Wm 



Intermediates of formula (XI) may be prepared by AT-alkvlatihe s. niLi • \, i ^ : S 

eav.n 6 „«t a S . for example, a balo £ e„. in an anabgous way as tamZZT ' ^' 
5 (VIII) were prepared Marring form imerrnediaKs (IX) and (X). 



R ,^0~C NH + iv, -' c "..v,-cn w - alk y' a "»"_ (XI) •■; 

<«) (XII) 

Alternately. nUrile derivatives of formula wherein ,„., , „ 2 , Mid derivalivM 
*.ng repressed by formnla (XLa). may be prepay by ».a, k y,a,i„ e . pip J ™ 
de„va„ve of formula (,X, wi.b aery,or.i,ri,e by s „rri„ s and bea.ing ,be £Z Z a 
.0 eae„„„ ,„er, solven, suc b as. for example. 2 - prop a nol . and oplio I„ v „ 

R 3 ? 
kT~\„, JV-alkylaiion ^ 

\t 4 ' *' — ^ Vn j ^^~ N \_ / N ~ C,, -" CH :-CN 

(IX) R 

(Xl-a) 

formula (XHI, w„„ an ,„,ermed,a,e of forma,, (,„ a „d mbstqu , nl „ rcpliKi „ 8 

W , such as, for example, ebloro. For ins,anee. in.ermedia.es of formula (xrv> 
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I 

+ H-N-(CH,) n -OH 
(XIII) 



/V-alkylation 



|V "' (XIV, ,, ;: ., S „, 

An ahemaUvc way ,„ prepare imermediau* of formula (VII, includes , he Jk^t 
of an ,n,ermedia,c of fen** (XV, wi,h an intermedia,* of formula (XVII) wniin tG» 

7. '""""'7 ' UC " « brom ° a " d WJ * * '-tag group as denned in in.e&^i 
of formula (VII, whereby to is chosen as such >hat ,he substitution reaction with me » 

intermediate of formula (XV, wi„ prefcrcn y Kcur „„ tne carbo „ ^(J^gK 

LGmotety. Said reaction is preferably performed in , rcaaion-iner. solvent iti the . rf 
presenceofa S uiiablcbasesuchas.foresample. S odiumhydride. « 




N 



LG(CH,) n -\V : 



(XVlh 



(vn) 



In a similar way, intermediates of formula (XV,, may be prepared by ^alkylating an 



-N 



N!: 



(IX) 



LG(CHj) n -w : 
(XVII) 



(XVI) 



Some of the compounds of formula (I) and some of the intermediates in the present 
vcnt.cn contain at least one asymmetric carbon atom. Pure stereochemical.y isomeric « 
forms of sa,d compounds and said intermediates can be obtained by the ap^licalion^f*:? 
art-known procedures. For example, diastereoisomcrs can be separated by to*ica,#P 
methods such as selective crystallization or chromatographic techniques.' e.g. kteVftf " 
current distribution. , iquid chromatography and the like methods. Enantiomeric be^tfc 
obUned from racemic mixtures by first converting said racemic mixtures with suitable!* 
-I vmg agents such as. for example, chira. acids, to mixtures of diastereomeric soST 
or compounds; then physically separating said mixtures of diastereomeric saltsll Slfcl 
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compounds by. forcxamp.e. selective crystallization or chromatographic techniques^ 
e.g. hq U ,d chromatography and the like methods; and finally converting said separated 
d.astereomenc salts or compounds into the corresponding enantiomers. > iV ; 

5 An alternative manner of separating the enantiomeric forms of the compounds of ^ 
formula (I) and intermediates involves liquid chromatography, in particular liquid ^ ' 
chromatography using a chiral stationary phase. . , . 

Pure stereochemically isomeric forms of the compounds of formula (I) may also be ^ ' 
10 obta.ned from the pure stereochemically isomeric forms of the appropriate interme-^ 
d,ates and starting materials, provided that the intervening reactions occur stereo^ ' 
specially. The pure and mixed stereochemically isomeric forms of the compounds of 
formula (I) are intended to be embraced within the scope of the present invention. '•• 

15 The compounds of formula (I), the tf-oxides. ,he pharmaceutical^ acceptable acid 

addmon salts and stereochemically isomeric forms thereof, are potent antagonists of the 
dopam.ne D 4 receptor. /., they show a high degree of dopamine D 4 receptor binding 
affinuy thus inhibiting the binding of an endogenous ligand. in particular dooamine to 
the dopamme D 4 receptor, as is demonstrated in the pharmacological example 
20 described hereinafter. The antagonistic effect of the binding of the present compounds 
to the dopamine D 4 receptor was confirmed in signal-transdnciion assays. ' 

The present compounds show interesting activity in ,he so-called "differential 
reinforcement test low rate 12 seconds-,,,, (DRL-72) which is an in vivo test where 
-5 most chmcally active antidepressants given a. high doses show activity In said test 
rats can obtain food by pressing a lever only when .hey have waited a full 72 seconds 
between two lever presses. The present D 4 antagonists induce a more efficient 
behaviour of the rats whereas untreated animals find it difficult to control their 
.mpulsive tendency to press the lever and to subordinate it to appropriate timing so as ? 
to max.rn.ze their award. The usefulness of this DRL-72 test as a model for specific' >' 
D 4 antagomsts such as the present compounds is further supported by the factTha, (a) .V 
Manki et al. (Journal of Affective Disorders 40 (1996). 7-13) found that there is 1 $ 
s.gn,ficant assocation between the D 4 receptor gene polymorphism and X 
disorders, and (b) by the fact that D 4 receptors arc known to be most dense in ' ' ■ f. 
35 hippocampus, entorhinal and cerebral cortex in the primates, humans as well as rodetits. t 
Antagonizing the dopamine D 4 receptor will suppress or relieve a variety of symptoms - 
associated with phenomena induced by the activation, in particular the excessive - t 



15 
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activation, of said receptor. Consequently the ahiliiv nf ,k» ^« 

and/or prevention of a varieiy of disorders assocjacd ^ ^^^i 

sexua, d.sorders. ,ho» 6 h t disorder impair ,„, ormalion ^ 

' " ffCC " VC PSyC MiS ' W** P-0"3H.y disorders. psychiarric moid'-M 
drsorders. conduc. and impuisc disorders. schtopnreni(: ^ i ; ; 

poly d ,ps,a. b.polar disorders, dysphoric mania, anxicy and r«la Kd disorder^, 
gas,roi„tcs.iual disorders, obesi.y. emesis. bacerial infecions of ,he CMS &£> I 
mcnmg.lis. learning disorders, memory dfcorten. Parkinson's disease/depression 
™»*»«* *»- a S e„,s. nenroiepHe ma.i.namsynd^e f ' 
hypomalarmc p.ru.rary dis „rdcrs. cor.ges.ive hear, Mure, chemical dependencies sucP 
as dnrg and aicoho, dependencies, vascuiar and cardiovascular disorder! ocuiar * 
disorders. dys.or.ia. ,ar d ive dyskinesia. Gillcs Do la T„„re.,c's syndrome 'and other 
h^rk,nesias.de„,en,ia. ischemia, movent, disorders such as akarhesia, hyperrension ? 
and d,seases caused by a hypcrac.ive immune sys.cn, such a, allereies and " ' 

inflammation. * ' 5 1 



D/recT PrCSem ' nVCnti0n diStmC,i Vd - V show afftllit - v «« 'he dopamine 

D 4 receptor ,„ comparison with other dopamine recepto, such as. for example The 

~0 dopammc D 2 receptor. Such a dissociation between dopamine D 4 receptor 

TT**" aC, i Vity ° M ** mit * ^ivitv may be of additional use in 

a,c , ea ment and/or prevention of the above-mentioned disorders. For exam P ,e Van 

~ *" «~ can L'rac 0 

25 h " '* d ° paminC ° 4 rCCCpt ° r - wWI « ha ™8 a >^ P-nounced action at . h t 

the dopammc D 2 receptor, might have the same beneficial level of antipsychotic ■". 
act, vuy „ classical antipsychotics with the additional benef it of being less prone to the • ' 

It therefore that the present compounds are particularly useful as antipsychotics ' ■ 

es P ecia,1 yn««etreatmcntand/orpreventionofpsychoticdisorderss U chas J 
30 schizophrenia. ■ ' '■ : : ~ 

In addition to their potency to antagonize the dopamine D 4 receptor, the subject *1 
compounds also show variable affinity for other receptors such as. for example ' : HM I 
35 ~™'« rS >"«™< ^P'o-. adrenergic receptors, cholinergic receptors aodS ? 
35 ^c a-brndrng sue. For mstancc. some of the present compounds show a favourable & - 
bmdmg aff.mty for the a-bincling site, the 5 HT, A receptor and the cn-recepT ^ $ 
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pan,c Ul ar in malmcm of psych0 , ic ^ ^ . p <^ . 

The present invention thus also relates to compounds of formula (I) as defined ^ v§ if: 
0 h retnabove for use as a medicine. Further, the present invention a so reStrS ^ 

Another aspect of the present invention involves the ability of iL „ " S 

r" n r™" a " sho "' ed * ma,kej iii,id 1 «*« lhc p"« 

The ,em, "dopant D 4 reccp,or an,a. s „„ iz ,„ g amoum , as uscd ^ ' 

antagonizing daily amount would be froimhontoni /l L , »* 
compound, ,„ay be ad, n i„ i(I „cd o„ . ,c s ,,„c„ „f , ,„ 4 m ^ ^ * ; ' 

Inordcr.o.-.llcviatcb.symp.omsofpsychoticclisordcs^chn.^hiron,,, • i t ^ ' 
■nv.„„o„ is ideally scleclc d suc „ milK Josc ^ P C 1 C Z 8 ° "* 

D 2 receptor occupancy cau s ,„ s no or neginjibie undesired ex.npyranidal or ' " ' *> 

neuroendocrine side-cffccis. : ^ ; 

If desired, the compounds according to this invention may be co-administered with ■ ' ' ^ 
another antipsychotic, for example one producing its e fW, ■ ' S,Cred W,,h : ' :V v^T 

^ i n 8m ec h a„ isms: d„pa m L D2 rL4;:S:do^;~ f ^ 
5 '" T,A ae< "" S "' a " d 5 " T ' «»-<"* - circumaanccs. an L!ccT . % « 
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antipsychotic effect may be envisaged without a corresponding increase in side-effects 
such as those caused by, for example, strong dopamine D 2 receptor blockade; or a ' 
comparable antipsychotic effect with reduced side-effects may alternativeiy be i 
envisaged. Such co-administration may be desirable where a patient is already V 
5 established on a, for example, anti-schizophrenic treatment regime involving . 
conventional ami-schizophrenic medicaments. 

For administration purposes, the subject compounds may be formulated into various 
pharmaceutical forms. To prepare the pharmaceutical compositions of this invention 
an effcct.ve dopamine D 4 receptor antagonizing amount of the particular compound, as 
acid addition salt or in its free base form, as the active ingredient is combined in ' 
■ntimate admixture with a pharmaceutically acceptable carrier, which may take a wide • 
variety of forms depending on the form of preparation desired for administration. . : 
These pharmaceutical compositions are desirably in unitary dosage form suitable, 
preferably, for administration orally, pcrcutaneously. or by parenteral injection. For' 
example, in preparing the compositions in oral dosage form, any of the usual 
pharmaceutical media may be employed, such as. for example, water, glycols, oils 
alcohols and the like in the case of oral liquid preparations such as suspensions, syrups 
el.xirs and solutions; or solid carriers such as starches, sugars, kaolin, lubricants 
binders, disintegrating agenis and the like in the case of powders, pills, capsules and 
tablets. Because of their ease in administration, tablets and capsules represent the most 
advantageous oral dosage unit form, in which case solid pharmaceutical carriers arc- 
obviously employed. For parenteral compositions, the carrier will usually comprise 
sterile water, at least in large part, though other ingredients, for examplc.'to aid solu- 
25 bil.ty, may be included. Injectable solutions, for example, may be prepared in which the 
earner comprises saline solution, glucose solution or a mixture of saline and glucose 
solution. Injectable solutions containing compounds of formula (I) may be formulated 
m an oil for prolonged action. Appropriate oils for this purpose are. for example 
peanut oil. sesame oil. cottonseed oil. corn oil. soy bean oil. synthetic glycerol esters of 
30 long chain fatly acids and mixtures of these and other oils. Injectable suspensions may < 
also be prepared in which case appropriate liquid carriers, suspending agents and the 
I'ke may be employed. In the compositions suitable for percutaneous administration.- -r 

the carrier optionally comprises a penetration enhancing agent and/or a suitable ' 1 
wettable agent, optionally combined with suitable additives of any nature in minor ' 
35 proportions, which additives do not cause any significant deleterious effects on the 

sk.n. Said additives may facilitate the administration to the skin and/or may be helpful / 
for preparing the desired compositions. These compositions may be administered in ' , & 
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various ways, e.g., as a transdermal patch, as a spot-on or as an ointment! Acid' ^ i 
addu.on salts of the compounds of formula (I) due to their increased water solubility I 
over the corresponding free base form, are more suitable in the preparation of aqueous 
compositions. M 

5 

I. is especially advantageous to formulate the aforementioned pharmaceutical compos! 
t.ons m dosage unit form for ease of administration and uniformity of dosage. Dosage 
un.t form as used in the specification and claims herein refers to physically discrete *■ 
units su.table as unitary dosages, each unit containing a predetermined quantity of ^ 

0 active mgredient calculated to produce the desired therapeutic effect; in association = 
with the required pharmaceutical carrier. Examples of such dosage unit forms are " 
tablets (including scored or coated tablets), capsules, pills, powder packets wafers 
injectable solutions or suspensions, teaspoonfuls. tablespoonfuls and the like and ' 
segregated multiples thereof. ' ,• • 

5 . .-. ., 

Due to their high degree of specificity to the dopamine D 4 receptor, the compounds of 
formula (I) as def.ned above, are also useful to.mark or identify receptors, in particular 
dopamme D 4 receptors. To this purpose, the compounds of the present invention need 
to be labelled, in particular by replacing, partially or completely, one or more atoms in 
the molecule by their radioactive isotope., Oxa.np.es of interesting labelled compounds 
arc those compounds having a, least one halo which is a radioactive isotope of iodine 
bromine or fluorine; or those compounds having a, least one MC-a.om or tritium atom. 

One particular group consists of those compound, of formula ,1) wherein R 1 and/or R 3 
and/or R4 are a radioactive halogen atom. In principle, any compound of formula (I) • 
containing a ha.og. n atom is prone for relabelling by replacing the ha.ogen atom by 
a suitab.c isotope. Suitable halogen radioisotopes to this purpose are radioactive i I 
■od.des.cg. 122,. 123,. 125,. >3 1,; radioactive bromides, e.g. 75 Br . 76 B , 77 Drand 
-Br. and radioactive fluorides, e.g. The introduction of a radioactive halogen 
atom can be performed by a suitable exchange reaction or by using any one of the 
procedures as described hereinabove to prepare halogen derivatives of formula (I). > 

Preferred labelled compounds are those compounds of formula (I), wherein Rl ahoVor " 
R J and/or R4 are 123,. 125,. 75 Br 76i3 r .77 Br or 1 8 F> 

Another interesting form of relabelling is by substituting a carbon atom by a 
C-atom or the substitution of a hydrogen atom by a tritium atom. For instance; ; -{ 
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introducing such a ' >C-a.om may be carried out by ^Ikvlatin^ ' ^ • 

Hence. said radiolabeled compound., of formula (I) can be us,rf ;„ , ^'^S 
». ^'»^m^^ 

compnses ,h= sreps „f <a, labelling .., compoun<) of ( ..^'".^ ; 

» ^ogica. materia, and .su^c ' ^ r^" 8 V 
emissions from , hc radiolabeled compound. The ,crm biotT (C>dC " :C "" 8 ,lK . : ' 

10 .erm refers ,o .issue samples, plasma „, bo* fluid b 2 o wT •= 
«rm.b,ooded animals, or pans of a„ima ls '° — * 

The radiolabellcd compounds of formula (I) are mKo ,,^f..i 

--•-'---m.cdagon^,^ 

When used ,n /„ w,» assays. ,he radiolabellcd compound, -,rc ad™* , T ' ' " 

•s de,cc,ed using imaging ,ec„„ iql , cs , such a, for i„s,a„ ■ X ,1 C< "'"" >l ""' S 
20 Compulsed Tomography (SPFCT) or , o ' ""*">" Emission 

•ite In ,his manner L d,« ™ ^ ™™ T ° m< ^ '^T, and ,he 

process of imaging an organ by administering ridiohhHi,.,! . , 
«*«« compound also cons,,,,,,., ■, m „ f ,„c p, racn , 'T^; .. .. .. 

P^telr mPlK " ' mCndC " " - - » '** - ^ of -be ^ ' f 

Experimenl.nl pnri :«. -"y. 

A^Prgparation nf iho ;,„„ r ,„.. fli .„ r rnm| . , ; >• 

Example A i . ;;/__. v -v^-. 1 

a) A mixture of l.(4-bromo P henyl) P ip cra2ine f0 .OI8 mol) andelhyl P-chloroethvh ■ > - 
5 carbamate (0.036 mol) was stirred for 2 hours a. no-r 1 C 7\ ( - ch,oroct M)- • 
added and the mixture was stirrcd for I5 * ™ ^ ^ 7 ° ^ ^ 
rr omtem P er T , 

,lh QtCr - 11,6 ° rgamC ' aycr was «ricd, filtered and the solvent was: * - % M 
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evaporated. The residue was purified by column chromatography over silica gel 
(eluent: CH2CI2/CH3OH 95/5). The pure fractions were collected and the solvent was 
evaporated, yielding 4.3 g (67.2 %) of ethyl [2-[4-(4-bromophenylH.pip Cr aziriyl]- 
ethyljcarbamate (interm. I). ■• •,sv'\^-^fe'' 

5 b) A mixturc of fotennediate ( 1 ) (0.029 mol) and potassium hydroxide (0^ mol* in K 
2-propanol (200 ml) was stirred and refluxed for 8 hours. CH 2 CI 2 was added. Water 
was added dropwise to dissolve the potassium-salts. The organic layer was separated, 
dried, filtered and the solvent was evaporated. The residue was purified by column 
chromatography over silica gel (eluent: CH 2 CI 2 / (CH3OH/NH3) 90/10). The pure ' \ 
fractions were collected and the solvent was evaporated, yielding 3.8 g (46 %) of ; ■ 
4-(4-bromophenyl)-l-piperazineethanamine (interm. 4). 
In a similar way were prepared : 

4-(4-iodophenyl)- 1-piperazinecthanamine (interm. 1 1); 
4-( 1-naphtaienyl)- 1 -piperazinepentanamine (interm. 12): 
4-(l-naphtalenyl)-I-pipcrazincethanaminc (interm. 13); 
4-(l-naphtaIenyl)-I-pipcra?.inepropanaminc (interm. 14); 
4-(4-nitrophenyl)-l-pipera7.inepropanamine (intenn. 15); 
4-(4-bromophenyl)- 1 -pipcrazinebutanamine (interm. 16); and 
4-(4-bromophenyl)-l-piperazinepropanaminc (interm. 17). 
20 Example A .2 



10 



15 



25 



30 



a) A mixture of l-(3.4^icliloroplicnyl)pipcra7inc (0.1 mol). 5-chloropcmancnilrile 
(0.13 mol). sodium carbonate (10 g) and potassium iod.de (0.1 g) in 4.incthyl-2- 
pentanonc (280 ml) was stirred and refluxed for 10 hours. The reaction mixturc was 
cooled, filtered and the filtrate was evaporated. The residue was purified by column 
chromatography over silica gel (eluent: CibCb/CHiOH 95/5). The pure fractions 
were collected and the solvent was evaporated, yielding 22.5 g (72%) of 
4-(3,4-dich!orophenyl)-I-pipcrazinepentancnitrilc (interm. 2). 

b) A mixture of intermediate (2) (0.072 mol) in tetrahydrofuran (250 ml) was hydro- 
genated with Raney nickel (2 g) as a catalyst. After uptake of H 2 . the catalyst was 'V ' 
filtered off and the filtrate was evaporated. The residue was stirred in diisopropylcther^ 
filtered off over dicalite and the filtrate was evaporated, yielding 20 g (88%) of 

4-(3.4-dichIorophenyl)- 1 -piperazinepentanamine (interm. 5). 
In a similar way were prepared : 

4-(2.4-dimethylphenyl)- 1 -pipcrazincethanaminc (interm. 1 8); 
35 4-(2,4-dimcthylphenyl)-l -pipcrazinebutanamine (interm. 19); 
4-(2.4-dimcthylphcnyl)-|. piperazinepentanamine (interm. 20): 
4-(3.4-dichloroplienyl)-l-piperazincpropanaminc (interm. 21 ); 



WO 97/43271 



PCT/EP97/02505 



10 



15 



20 



25 



30 



35 



-16- 

4 -(3.4-dichlorophenyl)-l-piperazinebutanamine (interm. 22): and 
4-phenyl-l-piperazinepropanamine (interm. 23). 
Example A.3 

A mixture of l-(3,4-dichlorophenyJ)piperazine (0.1 mol). 2-propenenitriIe (0 15 moV) 
and A^methyl-W-dioctyl octanaminiumchloride (1 ml) in 2-propanol (150 ml) was ' 
sturcd and refluxed for one hour. The solvent was evaporated and the residue was 
purified by column chromatography over silica gel (eluent: CH 2 C1 2 /CH 3 0H 95/5) 
The pure fractions were collected and the solvent was evaporated: The residue was" 
st.rred in diisopropylether/acetonitrile 10/1 . The solvent was evaporated, yielding 28 R 

(98.5 %)of4-(3.4.dichlorophenyl)-l. p iperazinepropancnitrile (interm. 3). ; 
Example A.4 

A mixture of 4-(3.4-dichloro P h e nyl)-I-pi per a 2 inecthanamine (0.01 mol) and 4 rhethyl- 
l-.sothiocyanatobenzene (0.01 mol) in tetrahydrofuran (300ml) was stirred at room 
temperature for 1 hour. The solvent was evaporated. The residue was rccrystallized 
fromDIPE. The precipitate was filtered off and dried. The product was used without 
further purification, yielding 4.2 g ^(4-n 1 e t hylphenyl)- / V-[2-f4-(3.4-dichlorophenyl)-|- 
piperazinyl]ethy!]thiourca (interm. 6). 
Examnle A. 5 

a) A mixture of 5-(mcthylan,ino) P entanol (0.23 mol). 2-chlorobenzothiazole (0 3 mol) 
sodium carbonate (0.4 g) and pousium iodide (catalytic quantity) in methyl isobutyl- ' 
keton (1000 ml) was stirred and refluxed overnight. The reaction mixture was cooled 
washed with water, dried, filtered and the filtrate was evaporated. The residue wns 
•stirred in water, acidified with MCI. stirred, washed with diisopropyiethcr. and the 
ac,d,c layer was alkalized with NH4OH. This mixture was extracted twice with 
CH 2 CI 2 . The separated organic layer was dr.ed. filtered, and the solvent was 

evaporated, yielding 56 g of A^-hydroxypcnty l)-^melhyl-2-benzothiazolamine 
(interm. 7). 

b) ThionyIchloride(60ml)wasstirrcdinCHCl3(400ml). A solution of inter- 
mediate (7) (0.22 mol) in CHCI3 (200 ml) was added dropwise. The mixture was £ / 
stirred at room temperature overnight. The solvent was evaporated and the residue 1$ 
dissolved ,n CH 2 CI 2 . washed with water, dried, filtered and the solvent was I ^ 

evaporated, yielding 65 g of /V.(5-chloropentyl)-^mcthyl-2-bcnzothiazolamine : : ' ^ 

(interm. 8). 

Example A 6 

A mixture of l-(3.4-dichlorophcnyl)- P i P cra Z ine (0.05 mol). l-bromo-2-chloroethane 
(0.1 mol) and tricthylaminc (0.05 mol) was stirred for 30 minutes at 100 °C. The ? 4: 
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chromatography over silica gel (eluent: CH,CIVCH,OH 98m tk 

(M-dichlorophenyD-pipcrazine (intcrm. 9). cmoroethylH - 

Example ^,7 . •: 

bcnzothiazolamine. prepared according lo Ihe procedure described in J Che m « ■ 
■0 ,9*. 230. (0.0 5 moi, in .crahydrofuran (2 00 m„. T „ e rnix^^or .Z' 

hour . ™c ™x,urew«co„,cd. and ,,, es „,vc„, w, S evap„ra,cd.-n,c residue was * 
p n ,o„e bcwecnwarcrandOW:,, The organic iaycr was separarcd. dried. W 

H,c w 7 'T"* ^ KSid " C PU ' inCd 6V "*»» ^--graphy 
-to fH eluen,: CH jCl! ,. The desired fraoions were coileced and ,he soiven, waT 

™ 8 '°' 4g<6 ^ 
■> M<5<w ^'>-AH^o.b^ ira ^ (inttrm . , 4) w prepared s . m . |ariy 

B- Prcnanui on of the final r om potinds 
Example B.l 

a) A m.xrure of imcnned.a.c (5) <0.0 I5 „,ol, 2.chl„ ro be„ z ,„i„, jfc ,„. 0 |6 „,„!, and 
sod,™ carbonare ,4 s , in roiuene , , 50 ,n„ was s.irred an,, rcHuxcd over„ig hl 'j , 

reaction mixture was cooled and fillers! Th**nu~,~ 

rysramzed from CH3CN. The precp.lale was fil.cred off and dried, yielding 23 c 

•"^t3-I"-phenyl. 1 .pipera Z i„ y IIprop y ,].2. b e n20 , hi a Z „,a min e( corap U was . f 

instead of toluene. !"•■•:<; v y;; 

O Mr4-[4-(4.me,hox y phenyl,- l-piperazinyl,bu, y l]-2-bcn 2 o,hiazolamine (comp ^ ' ' 
was prepared according ,o the same procedure as described in example B. ..a) but u ing - 
mcthylisobutylkeion instead of toluene. a; out using . 
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d) AT-[3-[4-[3-(trifIuoromethyl)phcnyl]- 1 -piperazinyl]propyl]-2-bcnzothiazolamine 
(comp. 27) was prepared according to the same procedure as described in example 
B. I. a) but using 2-ethoxyethanol instead of toluene. 

e) yV-[4-[4-(3,4-dichIorophenyl)-l-piperazinyl)butyl]-6-methyl-2-benzothiazolam 
5 (comp. 52) was prepared according to the same procedure as described in example^ 

B.l.d) but a catalytic amount of potassium iodide was added to the starting reaction 
mixture. y ; ; . 

Example B.2 y. ■ ; 

4-(3,4-dichlorophcnyl)-l-piperazinebutanamine (0.0085 mol), prepared according to / 

10 the procedure described in example A.5, and 2-chIoro-6-mcthoxybenzothiazoIe 
(0.0043 mol) was stirred at 120°C for 1 hour. The mixture was cooled to room 
temperature, diluted with CH2CI2 and converted into the free base with NH4OH. The 
organic layer was separated, dried (MgSO.4), filtered and the solvent was evaporated.; 
The residue was purified by column chromatography over silica gel (eluent: CH2CI2 /■ 

15 CH3OH 90/10). The pure fractions were collected and the solvent was evaporated. " 
The residue was converted into the (E)-2-butencdioic acid salt (1:1). The precipitate 
was filtered off and dried, yielding Ug (44%) of A/-[4-{4-(3.4-dichlorophcnyI)-l- 
piperazinyl]butyll-6-methoxy-2-bcnzothiazolamine (E)-2-butcnedioate(l:l) (comp. 42). 

Example B.3 

20 Intermediate (6) (0.01 mol) was dissolved in CHCI3 (30 ml). The mixture was cooled 
to ()°C. Thionyl chloride ( 1 1.5 ml) was added dropwise slowly. The mixture was 
allowed to warm slowly to room temperature and then stirred for 30 minutes. The 
solvent was evaporated and the residue was washed with a small amount of HC1 / 
2-propanol in 2-propanone, filtered, washed with 2-propanone and converted into the 

25 free base with a NH4OH solution. The precipitate was filtered off and purified by 
column chromatography over silica gel (eluent: CH2CI2/CH3OH 95/5). The pure 
fractions were collected and the solvent was evaporated, yielding: 0.7 g (16.7%) of 
/V-[2-[4-(3,4-dichlorophcnyl)-l-pipcrazinyIlethyIl-6-mcthyl-2-benzothiazolaminc 

(comp. 53). 
30 Example B.4 

A mixture of 4-(3,4-dichlorophcnyl)-l-piperazincpropanamine (0.009 mol), prepared 
according to the procedure described in Example A.5, and l-isothiocyanato-4-mcthoxy 
benzene (0.009 mol) in CHCI3 (100 ml) was stirred for one hour at room temperature, 
then cooled to 0 °C on an ice-bath. Thionylchloride (30 ml) was added dropwise and 
the resulting reaction mixture was allowed to slowly warm to room temperature. The 
reaction mixture was stirred for 3 hours at 60 °C The mixture was cooled to room , 
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temperature and the resulting precipitate was filtered off. stirred in boiling 2-propanone. 
filtered off. then dried. This fraction was converted into the free base by addition of ' 
aqueous ammonia. The mixture was extracted with CH2CI2. The separated organic 
Inycr was dried, filtered and the solvent evaporated. The residue was crystallized from 
5 CH3CN. filtered off. dissolved in 2-propanone and converted into the hydrochloric acid 
salt ( 1 :2) with HCl/2-propanol. The precipitate was filtered off and dried, yielding 

!.6g(34%)ofiV-[3-[4-(3.4-dichlorophenyl)-l- P iperazinyl]propyI]-6-methoxy.2-benzo^ 
thiazolamine dihydrochloride (comp. 72). <.. : 

Example B.5 ' i 5 

10 A mixture of compound (1) (0.01 mol). chloromcthylbcnzene (5 ml) and sodium * 
hydride (0.015 mol; 60 % solution) in tetrahydrofuran (200 ml) was stirred and refiuxed 
for 8 hours. The reaction mixture was cooled and a few drops of water were added : 
The solvent was evaporated. The residue was partitioned between water and CH 2 Cb; ■ % 
The organic layer was separated, washed with water, dried, filtered and the soivem was'f 
evaporated. The residue was purified by column chromatography over silica gel 
(elucnt: CH 2 Cl2/ethylacctatc 70/30). The pure fractions were collected and the solvent ■ 
was evaporated. The residue was dissolved in 2-propanol and converted into the (E)-2- • 
butenedioic acid salt (1:1) with (F.)-2-butcnedioic acid (I g). The mixture was boiled. ,. 
then stirred overnight at room temperature. The precipitate was filtered off and dried" 
yielding 2.70 g (41%) of A'-[5-[4-(3.4-dich!orophenyn- Upinerazinyllpentyl]-^- 
phenylmethyl-2-ben7.othiazolaminc (E)-2-butencdioa!c(l:l) (comp. 112). ■ 

Example 8.6 

A mixture of compound (3) (0.01 mol). sodium carbonate (4 g) and bcnzo> Ichloridc 
(0.01 mol) in chloroform ( 1 50 ml) and ;V.A'-dimcthy!for m amidc f 1 drop) was stirred 
and refiuxed for 4 hours. The mixture was filtered warm and the filtrate was washed 
with water. The organic layer was separated, dried, filtered and the solvent was 
evaporated. The residue was purified over silica gel on a glass filter (eluent: CH2CI2 / 
ethanol 95/5). The pure fractions were collected and the solvent was evaporated The 
residue was crystallized from CH3CN. The precipitate was filtered off and dried! 
yielding 4.8 g (92.5%) of A , -(2-benzothiazoly l)-A'.[3-[4.(3.4-dichlorQphenyl)- 1 . V 
pipcrazinyl]propyl] benzamidc (comp. 99). 

Example R.7 

A mixture of 1 -(3.4-dichlorophcnyl)piperazine (0.03 mol) and intermediate (8) J, 
(0.02 mol) in dimcthylacctamidc (2 ml) was stirred for 2 hours at 120-130 °C. The • 
35 reaction mixture was cooled, dissolved in CH2CI2. washed with aqueous ammonia. ■ ; - 
dried, filtered, and the filtrate was evaporated. The residue was purified by column • % 
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chromatography over silica gel (eluent: CM 2 CI 2 / CH3OH 98/2). then repurified 
(eluent: CH 2 CJ 2 /cthylacc«a«e 50/50). The pure fractions were collected and the solvent 
was evaporated. The residue was dissolved in 2-propano. and converted into the 
a*2-bu,enedioic acid sal, (,:,) with (E^-butcncdioic acid (2 g). The mixture was ^ 
bo, led, then st.rred at room temperature. The precipitate was filtered off and dried ' t 
y I elding6.60g(57% ) of^- f 5-[4-(3.4-dich.oro P he ny n- I - piperaziny|]pcntylK * 
benzothiazolamine (E)-2-butencdioate(l:l)(comp. 110). , 
Examnle B.8 

Compound 12 (0.0058 mol) was dissolved in warm ethanol (75 mi). (E^Butencdioic- 
acd (0.0058 mo.) was added and the resulting mixture was , irretl J^J^^ 
d>ssol u ,ion. The mixture was allowed to cool ,0 room temperature with stirring The 
precipitate was filtered off and dried, yielding 2.03 g (80%) of Mf^.| 4 . (4 

chlorophenyl)- l-pi P era7.inyl]e.hyll-2-ben70thiazolamine . (O^-butcncdioate P I) 
(comp. 127). , ' ; 

Example- BQ 

Com POU n d 2 (0.0.5 mo.) was dissolved in tetrahydrofuran (200 ml). Sodium hydride 
(0.02 mol) was added. The mixture was stirred for 15 minu.es at room temperature 
D.methy, sulphate (0.0.5 mol) was added and the resulting reaction mixture was stirred 
for 4 hours at room temperature. The solvent was evaporated and the residue was 
CnmT Sil,Ca gC ' (dUCM: ethylKtt8era, «A 30/0/70. upgrading ,0 . 

WIT h fraC,i0n$ a0d lhe *' 5 ™ evaporated. The residue 

d, SS oived ,n 2-pro P anol and converted i„ lo the- (H^-butencdioic acid sal, (N) 
with (E)-2-butenedioic acid (0.8 g). The mixture was boiled, then stirred overnight nt 
room temperature The precipitate was filtered off and dried, yielding 1.80 g (23%/of 
^- K-^.d.^^ 

(b)-2-buicncdioate( 1:1) (comp. 117). ; 
Examp le B 10 

Amixtu re of4-(4-chlorophenyl)-].pipera Z ineethanamine(0.()l mol)and l-isothio- 
cyana«o-2-me,hoxybenzene(0.0l mol) in CC1 4 (100 ml) was stirred for I hour at room ^ 
temperature. Br 2 in CC.4 (0.01 mo. in .0 ml, was added and the reaction mixture was \ 
stirred and refluxcd for I hour. The reaction mixture was cooled to room temperature; £ t 
diluted with CH 2 CI 2 . and aqueous NHj was added. The organic layer was dried "4 V * 
filtered, and the solvent was evaporated. The residue was purified by column ' ! 
chromatography over silica gel (eluent: CH 2 CI 2 /CH,OH 95/5). The pure fractions were 1 
collected and the solvent was evaporated. The residue was converted into the ;!v 
hydrochloric acid salt ( 1 :2). The precipitate was filtered off and dried, yielding 0* g^v $ 



?3. 



...A;;* 



."iSI 



4Ut 



f 
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(8%)ofMr2-I4-(4<hlorophenyl)-l-piperazinyl]e,hylJ-7-mc,h 
. hydrochloride ( 1 :2) hydrate (1:1) (comp. 143). 

Example B.I I • 
^W-chlorophenyl)-!^ 

SOCMn rHrT ed t0 . ,hC Pr0CedUre dcscribed in exam P' e B - '0 but using " 

SOCI 2 in CHCl 3 instead of Br2 in CCI4. • 

Example B.12 ; : ' 

MphenyI-2-benzothiazolaminc. prepared according to the procedure described in J — 
Chcm Soc. 1 962. 230. (0.03 mol) was dissolved in tetrahydrofuran < 100 ml). Sodium t ' 
hydnde (0.03 mol) was added portionwise. The mixture was stirred for 15 minutest 
solution of intermediate 9 (0.018 mol) in tetrahydrofuran (50 ml) was added The - 

!^IIl. ng ™ Ction l mlx,ure was stirred and "fitted overnight. The reaction mixture was 
cooled and the solvent was evaporated. The residue was dissolved in CH 2 Ch ThF 

organic solution was washed with water, dried, filtered, and the solvent was evaporated 
The res.due was purified by column chromatography over silica gel (eluenr - 
CH 2 Cl 2 /ethvlaceta«e 90/10). The desired fractions were collected and the solvent was 
evaporated. The residue was dissolved in 2-propanol and converted into the (E)-2 
butenedioic acid salt ( 1 : 1 ) with (E)-2-butenedioic acid ( 1 .5 g). The mixture was boiled 
then allowed ,0 cool to room temperature. The precipitate was filtered off and dried 
y.ekling 3.66 g (94%) of ^f2-f4-(?.4-dichlorophenyl)- 1 .pipc raz i nvI]clhy ,,. A ,. phen * _ 2 . 
benzothiazolamine (E)-2-butencdioate (1:1) (comp. 1 14). 

The following compounds were prepared according to one of the above examples. : 
Table 1 

II 



t JL >~ n -<cha-n n-< 



Comp. 
No. 


Ex. 
No. 


n 


Rl 


R3 




R 

Physical data 


1 


B.I. a 


5 


H 


3-CI 


4-CI 


mp. 128.8 °C . 


2 


B.I. a 


2 


H 


3-CI 


4-CI 


mp. 159.6 °C 


3 


B.l.a 


3 


H 


3-CI 


4-CI 


mp. 139.1 °C 


4 


B.l.a 


4 


H 


3-CI 


4-CI 


mp. 156.2 °C 


5 


B.l.b 


3 


H 


H 


H 




6 


B.l.b 


2 


H 


H 


H 




7 


B.l.b 


3 


H 


3-CI 


H 




8 


B.l.b 


4 


H 


H 


H 




9 


B.l.b 


4 


II 


3-CI 


H 
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44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 



B.l.d 
B.4 
B.l.d 
B.l.d 
B.l.d 
B.l.d 
B.l.d 
B.l.c 
B.l.e 
B.3 
B.l.d 
B.l.d 
B.l.e 
B.l.c 
B.l.d 
B.l.d 
B.l.d 
B.l.d 
B.l.c 
B.l.e 
B.l.d 
B.l.d 
B.l.c 
B.l.e 
B.l.d 
B.l.d 
B.l.d 
B.l.d 
B.4 
B.l.d 
B.l.d 
B.l.d 
B.l.d 
B.l.d 



2 

3 

3 

4 

5 

2 

4 

2 

4 

2 

5 
5 
4 
5 
3 
5 
4 



H 
6-CH3 
H 
H 
II 
H 
H 

6-OCH3 
6-CH3 
6-CH3 

H 

H 

6-CI 
6-F 
II 
II 
II 
II 

6-CII3 
6-OCII3 
II 
H 

6-CI 
6-F 
H 

H 
H 
II 

6-OCH3 
II 
II 
H 
II 
H 



2-CH3 
3-CI 

2- CH3 

2- CH3 
2-CH3 

2- CH3 

2- CH3 

3- CI 

3- CI 

3- CI 

4- F 

2- CH3 

3- CI 
3-CI 

4-CH3 
4-CH3 
4-CH3 

2- CH3 

3- CI 
3-CI 

2-CH3 
2-CH3 

3- CI 
3-CI 

2-OCH3 

2- CH3 

3- CH3 

2- OCH3 
3-CI 

2- OCH3 

3- CH3 

3- CH3 
3-CH3 
3-CH3 



6-CH3 
4-C1 
6-CH3 
6-CH3 
6-CH3 
5-CH3 
5-CI13 
4-CI 
4-CI 
4-CI 
H 

5-CH3 
4-CI 
4-CI 
II 
II 
H 

3- CH3 
4-CI 
4-CI 

3-CH3 
3-CH3 

4- CI 
4-CI 

4-OCH3 

3- CH3 
H 

4-OCH3 

4- CI 
H 
II 

4-CH3 
4-CH3 
4-CH3 
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2HC1 



2 HCI 

(E)-2-butcnedioatc(I:I) 
(E)-2-butenedioate(l:I) 



mm 



1 ■ ~ 



s'r** ". - 
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Comp.l Ex. 


1 n 




R3 


1 R4" 


1 Nr* 


1 Mn 
| ]NO. 






1 78 
I 


1 n i 

D.J 


1 T 


7-r 


3-C1 


4-CI 


1 70 

1 " 


I ii. i. a 


1 c 
1 


H 


2-CI 


H 


80 


nip 


1 1 
1 


o-CI 


3-CI 


4-CI 


81 


B.l.e 


1 'X 
1 


a n 
o-r 


3-CI 


4-CI 


82 


B.I.d 


4 


H 
1 1 




1 TV 

H 


83 


B.l.d 


5 


H 


3-CHi 




84 


B.I.d 


I t 


H 




■ IT 

H 


85 


B.l.d 


3 


H 


2-CI 




86 


B.I.d 


5 


H 


3-CH3 


H 


87 


B.l.d 


2 


H 


3-CH3 


M 


88 


B.l.d 


3 


H 


2-CH3 


5-CH3 


89 


B.l.d 


3 


H 


2-CH3 


4-CH3 


90 


B.l.d 


2 


H 


2-CI13 


H 


91 


B.l.d 


3 


H 


2-CH3 


H 


92 


B.l.d j 


4 


H 


2-O-h 


u 

11 


93 


B.l.d 


5 


H 


2-CHi 


tl 

rl 


122 


B.I.d 


2 


H 
1 1 




4-CH3 


123 


n 1 ri \ 




M 
II 




4-CH3 




u.l.a 


5 


I? 


2-CH3 




125 


B.l.d 


3 


11 


4 -NO; 


11 


J 26 


B.8 




1! 


4-Br 


H 


127 


B.8 


2 


II 


4-C1 


H 


128 


B.l.e 


2 


M 


4-1 


If 


129 


B.l.c 


2 


6-OCH, 


4-C! 


II 


130 


B.l.e 


2 


6-F 


4-rt 


11 

11 


131 


B.8 


2 


H 


4-CI 


H 


132 


B.8 


2 


H 


4-CI 


II 


133 


B.8 


2 


H 


4-CI 


II 


134 


B.8 


2 


H 


4-CI 


H 


135 


B.8 


2 


H 


4-CI 


H 


136 


B.ll 


2 


7-CH, 


4-CI 


H 


137 


B.ll 


2 


5-CI 


4-CI 


H 


138 


B.ll 


2 


5-CH, 


4-CI 


H 


139 1 


B.ll 1 


2 


5-QH 


4-CI 1 


H 



Physical data 
(E)-2-butenedioate (2:3) 



(E)-2-butenedioate (1:1) 



(E)-2-butcncdioate (1:1) 



(H)-2-butencdioatc (2:1) 



(E)-2-butencdioate (2: 1 ) 

HBr(l:2) ^ 

clliancdioate(l:l) . 

(S)-hydroxybutencdioate (1:1) 

H 2 0(I:2)/HC1(1:I),-. 

(+)-[R-(R\R*)]-2,3- " 
dihydroxybutenedioate (1:1) 
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Comp. 

No 


Ex. 

Ma 

fNO. 


n 


R> 


R3 


R4 


Physical data 


140 


B.ll 


2 


6-OH 


4-CI 


II 


HC1(1:3) } ^ 


1 A 1 


B.1 1 


2 


5-F 


4-CI 


H 


. ' . -.' ~ ' ' ':^> 


142 


B.l 1 


2 
a* 


4-F 




it 
11 


HCI(1:2) ' yr '\ 


143 


B.10 


n 


4-OCHj 


4-CI 


H 


HCI(1:2)/H 2 0(1:I) 


144 


B.l.e 


2 


6-CHj 


4-CI 


H 


(E)-2-butenedioate (1:1) 


145 


B.l.e 


2 


6-CI 


4-CI 


H 




146 


B.ll 


2 


4-CI 


4-CI 


H 


HC1(I:3) : ' 


147 


B.ll 


2 


4-CHi 


4-CI 


II 


(E)-2-butenedioate (2:1) 



Table 2 



II ■ ■ , 

CC^~ rc,,A ~0-C£ R 

- R 4 



Comp 
.No. 


Ex. 
No. 


n 


R3 


R-» 


Physical data ' 


94 


B.2 


4 


3-CI 


4-CI 




95 


B.2 


5 


3-CI 


4-CI 




96 


B.2 




3-CI 


4-CI 




97 


B.2 


3 


3-CI 


4-CI 





Tabic 3 



R 2 y C\ 



Comp. No. 


Ex. 
No. 


n 


R2 


Physical data 


98 


B.6 


2 


phcnylcarbonyl 


(E)-2-butencdioate (1:1) 


99 


B.6 


3 


phenylcarbonyl 




100 


B.I. a 


3 


methyl 




101 


B.I. a 


2 


methyl 




102 


B.7 


4 


methyl 




103 


B.5 


3 


1 -butyl 


(E)-2-hutenedioate (2:1) 


104 


B.5 


3 


phcnylmethyl 


(E)-2-butenedioatc (1:1) 


105 


B.5 


2 


phenylmcthyl 


(E)-2-butcnedioate (2:1) 


106 


B.5 


2 


phcnylmethyl 


(E)-2-butcncdioate (1:1) 


107 


B.5 


2 


I-butyl 


(E)-2-butcncdioate (1:1) 


10R 


B.5 


4 


phenylmethYl 


(E)-2-butcnedioate (1:H 



WO 97/43271 



PCT/EP97/02505 



-26- 




Comp. No. 



109 
110 
111 
112 
113 
114 
115 
116 
117 



Ex. 
No. 



B.5 
B.7 
B.5 
B.5 
B.12 
B.12 
B.7 
B.7 
B.9 



4 

5 
5 
5 
3 
2 
4 
5 



R2 



! -butyl 
methyl 
I -butyl 

phenylmethyl 

phenyl 

phenyl 

phenyl 

phenyl 

methvl 



Physical data 



(E)-2-butenedioate (2:l)i 
(E)-2-butenedioate (1:1)^ 
(E)-2-butenedioate(l:l) 
(E)-2-butenedioat6(l:l) : 
(E)-2-butenedioate (1:1) 
(E)-2-butenedioate (1:1) ' 
(E)-2-butenedioate (2:1 ) 
(E)-2-butencdioatc (1:1): 
(E)-2-butenedioate (1:1) 






^ i 



Table 4 




I JL >-N-(CI! 2 ) ( r-N 



N 




*V JF ' 



Comp. No. 


Ex. 


n 


Physical data 




No. 






118 


B.l.d 


4 


(E)-2-b.utcncdioatc (2:1) 


119 


B.l.d 




(E)-2-butc:icdioatc (1:1) 


120 


B.l.d 


3 




121 


B.l.d 


5 


(EV2-bufcnedioatc (2: 1 ) 



5 Tabic 5 lists both the experimental (column heading "exp") and theoretical (column 
heading "theor") elemental analysis values for carbon, hydrogen and nitrogen of the 
compounds as prepared in the experimental part hereinabove. . 
Table 5 , 



Comp 
No. 


Carbon 
exp theor 


Hydrogen 
exp theor 


Nitrogen . 
exp theor 


3 


56.04 


57.01 


5.33 


5.26 


12.92 


13.30 


11 


62.11 


62.90 


6.11 


6.28 


13.65 


13.97 


12 


61.25 


61.20 


5.59 


5.68 


15.05 


15.02 


13 


61.25 


61.20 


5.61 


5.68 


15.01 


15.02 


16 


54.56 


54.68 


4.80 


5.07 


13.32 


13.42 


17 


65.25 


65.94 


6.88 


6.85 


14.54 


14.65 




Comp 

iNO. 


Carbon 
cxp thcor 


Hydrogen 
exp theor 


Nitrogen 
cxp theor 


1 O 


59.79 


59.49 


5.87 


5.82 


11.65 


11.56; 


on 
zU 


en OA 

59.80 


60.22 


5.85 


6.06 


11.09 


1 1.24;' 


01 
Z 1 


AC. 0 1 


AC t A 

65. 19 


6.44 


6.56 


15.21 


15.20 


99 

A* 4m 


66 01 


AC 04 
05. V4 


7.02 


6.85 


14.76 


14.65 


23 


69 OR 


Al OO 


A An 
6.47 


£. CO 

6.58 


14.06 


14.06 


24 


61 on 


64 fK 
Oh.Uj 


A OO 
O.Vv 


a oa 
6.84 


13.52 


13.58 


25 




64 04 


A 1f\ 

6.30 


a ojt 
6.26 


15.09 


15.12 


26 


66 52 


66 61 
00.03 


*7 01 
/.Z3 


7.12 


14.10 


14.13 


28 




AA in 
00. 3 U 


A OC 

6.85 


6.83 


13.97 


14.06 


29 


0/.Z4 


AO OO 

6/. 28 


"7 OO 

7.83 


7,36 


13.75 


13.65 


30 


67 OR 
u/.zo 


AO 00 
O/.Zo 


/.41 


7.36 


13.67 


13,65 


11 


61 nt 


An no 
OO.vz 


6.31 


6.29 


11.07 


10.93 


19 


c.A 40 


56.59 


C 1 A 

5.10 


5.13 


10.33 


10.56 


11 


A4 K 1 
04.5 J 


mCA OA 

54.84 


5.96 


6.26 


14.90 


15.12 


14 


A<. CM 


*CC i£A 

65.60 


6.50 


6.55 


14.53 


14.57 , 




64 Oft 


AC <A 

05.60 


a co 
6.52 


6.55 


14.46 


14.57 


36 


61 OR 


A4 no 
t>4.Uo 


A A 1 

6.91 


6.88 


12.13 


11.96 


37 


55 00 


<<. OA 
35. 20 


C 1 A 

5.14 


5. 1 j 


9.24 


9.21 


1ft 




J /.44 


C ^O 

5.62 


5.53 


10.04 


9.92 


10 


S.4 00 


35. 1 / 


4./0 


4.82 


10.56 


10.72 


40 


6R 00 


AO 1 c 


o.yz 


6.86 


16.0S 


15.89 


41 


<\1 17 


<1 AC 
3 1.65 


4 AO 

4.08 


4.33 


12.54 


12.68 


42 


ci ac\ 


53. /0 


5.27 


5.20 


9.33 


9.63 


41 


Al OO 


iC4 AO 

64.02 


5.98 


5.94 


15.48 


15.72 


44 


Aft idO 

oo.**v 


*CO OO 

68.82 


7.07 


7.15 


15.21 


15.29 


45 


CO AC 
58.05 


C*T Al 

57.93 


5.43 


5.56 


12.83 


12.87 


46 


60 16 


AO AA 




7.42 


14.83 


14.72 


47 


69.87 


70.01 


7.59 


7.66 


14.18 


14.20 


48 


70.39 


70.55 


7.98 


7.89 


13.70 


13.71 


50 


69.69 


70.01 


7.63 


7.66 


14.24 


14.20 


51 


47.02 


47.07 


4.52 


4.74 


10.83 


10.98 


52 


58.76 


58.79 


5.84 


5.83 


12.44 


12.47 


53 


56.97 


57.01 


5.14 


5.26 


13.26 


13.30 


54 


64.62 


66.30 


6.73 


6.83 


13.95 


14.06 
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C. Pharmn cologjcal cx,nmp 1*> ' 
E xample C. 1 . ■ In vitro hindinr affin ity for dop nmin. n.,^^ 
5 The mteraction of the compounds of formula (I) with ^dopamine D 4 receptors ' 
assessed in in vitro radioligand binding experiments. 



10 



0 



A low concern™,*, of Spiperone with a high binding affinity for the dopamine dP^ 
receptor was incubated with a sample of a membrane preparation of transacted 
Ch.nese Hamster Ovary (CHO) cells which express cloned human D 4 rece^ ^ ' 
(Receptor Biology. Maryland, USA) in a buffered medium. When equilibrium of " ^ 
b.nd.ng was reached, the receptor bound radioactivity was separated from the non- 'B 
bound rad,oact, Vl ty. and the receptor bound activity was counted. The interaction of ^' 
the test compounds, added to the incubation mixture in various concentrations \viU, thP 
dopamme D 4 receptor was assessed in competition binding experiments asSd^ft 
by Schotte et ai (Psychopharmacology. 1996. 124, 57-73). The compounds with # ■ S9 1 
number 2 to 4. 6. 8,o 19. 21. 23. 25. 100. 101. .06. 1 17 to 126 119 128 to 13^ i 
and 136 to 147 had a pIC 5 ogrea t er than or eoua, to 7 ( pI C 5 0 b ^*^m 
wherem IC 50 is the concentration of the test compound causing an inhibition of5oV^ 
of the dopamine D 4 receptors). The remaining compounds which were prepared in the " ; 
experimental part were cither not tested or had a P IC 50 of less than 7. C ":■ 

P. Comp osition ex.nrppje* 

"Active ingredient" (A.I.) as used throughout these examples relates to a compound of • 
formula (I), a phantiaccutica.lv acceptable addition sal, or a stereochemical^ isomeric ' 
torm thereof. 

Eiomn k D. I : Capsule 

20 g of the A.I.. 6 g sodium lauryl sulfate. 56 g starch. 56 g lactose. 0.8 , colloidal 
s.hcon dioxide, and 1.2 g magnesium s.eara.e are vigorously stirred together The - " 
result,ng mixture is subsequently filled into 1000 suitable hardened gelatin capsules ^ 
each comprising 20 mg of the A.I.. ' • 

Example J}, 7 : Film -coated rphl^ •,' 
^Raraiipn of tabletcpre : A mixture of A.I. (100 g). lactose (570g) and starch (200 | $ ^ 
w mtxed well and thereafter humidified with a solution of sodium dodecyl sulfate (5 g) *V 
and polyvinylpyrrolidone ( .0 g) in water (200 ml). The wet powder mixture is sieved ^ 
dned and sieved again. Then there are added microcrystalline cellulose (100 g) and ' ^ 

hydrogenated vegetable oil (15 g). The whole is mixed well and compressed into 
tablets, giving 1 0.000 tablets, each comprising 10 mg of the active ingredient ^ * 
Coating : To a solution of methyl cellulose ( 10 g) in denatured ethanol (75 ml) there - 1 
•s added a solution of ethyl cellulose (5 g) in dichloromcthanc (150 ml). Then there are 
added d.chloromcthanc (75 ml) and 1.2,3-propanetriol (2.5 ml). Polvethylene glycol ^ ' 
(10 g) ,s molten and dissolved in dichloromethane (75 ml). The latter solution is added >^ 
to the former and then there arc added magnesium octadecanoate (2.5 g). polyvinyl: 
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pyrrolidonc (5 g) and concentrated colour suspension (30 ml) and the whole is 
homogenated. The tablet cores are coated with the thus obtained mixture in a coating 
apparatus. 

Examnle m : Oral snlntin n 

9 Grams of methyl 4-hydroxybenzoate and 1 gram of propyl 4-hydroxybenzoate were 
d,ssol ved m 4 I of boiling purified water. In 3 I of this solution were dissolved first 1 0 
grams of 2.3-dihydroxybutanedioic acid and thereafter 20 grams of the A.I. The latter 
solution was combined with the remaining pan of the former solution and 12 I - 
1 ,2.3-propanetriol and 3 I of sorbitol 70% solution were added thereto. 40 Grams of 
sodium saccharin were dissolved in 0.5 I of water and 2 ml of raspberry and 2 ml of • 
gooseberry essence were added. The latter solution was combined with the former 
water was added q.s. to a volume of 20 1 providing an oral solution comprising 5 mg of 
the act.ve mgredient per teaspoonful (5 ml). The resulting solution was filled in suitable 
containers. 

15 Example D 4 ; Iniectnhlr «=nlmj n n 

1.8 Grams methyl 4-hydroxybenzoate and 0.2 grams propyl 4-hydroxyben/oatc were 
dissolved in about 0.5 1 of boiling water for injection. After cooling to about «>0'C there 
were added while stirring 4 grams lactic acid. 0.05 grams propylene glycol and 4 gram, 
of the A.I.. The solution was cooled to room temperature and supplemented with water 
for injection q.s. ad 1 1, giving a solution comprising 4 mg/mi of A.I.. The solution was 
sterilized by filtration and filled in sterile containers. 



10 



20 
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Claims 

I. A compound having the formula 



(I) 



a tf-oxidc form, a pharmaceutical^ acceptable acid addition salt or a stereochemical^ 
5 isomeric form thereof, wherein 

XisOorS; ^ 
n is 2, 3, 4 or 5: 

R 1 is hydrogen. Cl-6alkyl, C | -6alkyloxy or halo; 

R 2 ^ hydrogen. Ci. 6 alkyl. phenyl. phenylC|. 6 alkyl or phenylcarbonyl; 
0 R3 and R4 each independently arc selected from hydrogen, halo, nitro. Chalky!, . 

Ci.6alkyloxy.haloC|.6alkyl.aminosulfonyl.mono-or = 
di(Ci-4alkyl)aminosulfonyl; or 

R 3 and R4 may also be taken together to form a bivalent radical of formula 
-CH=CH-CH=CH-. 



5 



2. A compound according to claim I wherein n is 2. 3 or 4. 

3. A compound according to claim I or 2 wherein X is S and R2 is hydrogen 
C|-6alkyl. phenyl or phenylCi-(jalkyl. 

4. A compound according to claim 1 or 2 wherein and r3 arc hvdro-en and R4 j s 
chloro. " 

5. A compound according to claim I wherein the compound is ' 

A , -[2-[4-(3.4-dichlorophenyl)-l- p iperazinyl]ethylJ-2-bcn7.othia7.olaminc; 
MI2-(4-phenyl-I-piperazinyl)ethyl]-2-benzothiazolaminc; ' ; 

M[2-[4-(4-chlorophcny|)-l-pip C razinyl)eihylJ-2-ben7.othia Z olaminc; "ti 
^[2-[4-(4.bromophenyl)-l-pi P cra Z inyl]ethyll-2-benzothi aZ olamine , ;aAr-oxide i a '. 
stereoisomeric form or a pharmaccutically acceptable acid addition salt thereof.' ; > : 

6. A compound according to claim 1 having at least one halo which is a radioactive ' ? 
isotope of iodine, bromine or fluorine, or having at least one > JC-atom or tritium 
atom. 

7. A pharmaceutical composition comprising a pharmaceutically acceptable carrier < ^ 
and. as active ingredient, an effective dopamine D 4 receptor antagonizing amount of £ 
a compound as described in any one of the claims i to 5. > 
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8. A process of paring a pharmaceutical composition as defined in claim 7 ^ . ■ ^ 
charactered in that, a pharmaceutically acceptable carrier |< J " #5?" 

m any one of claims 1 to 5. ^ 

9. A compound as claimed in any one of claims 1 to 5 for use as a medicine. 

1 0. A process of preparing a compound as described in claim 1 , chjracjejTzedJj^ " 
a) ^-alkylating an intermediate of formula (III) S 

wherein n and R 2 to R 4 are defined asindaim I. with'an intermediated formula (II) i J 

R, -y[ >-w an' • -r '. "■ : y- 

I i"!" Z 7*"° " aPProPriMC raC "" ' CaVinS «™* - 1 * - *'« donned ■ 
»c » . ,„ a reac.,on,„crt solvent, orally i„ „ K prcscn « of , 

15 Jnd optionally in the presence of a catalyst; •""eoasc. 
b) reacting an intermediate of formula (HI) 



R 

H-N-(CH : )~N N~< 



*rci„ » and R 2 ,o R 4 ar c defined, in c,a„„ I. ,,,„ „ nJiM „ f ^ 

^r-N^c^s (iv) 

» whereinR. is defined as in Cain, ■."i n a,eac,i„„-,„c rlso , vc „ I a„ d i„i hcpresen<;cof 
thtonylchlonde; thus formine a compound of formula (La) 

R 4 . 
c) W-alkylating an intermediate of formula (VI) ; 

25 ^R 3 ^R««ddined«in^ m i.wid 1 „,^ l ^ offTOta( ^ 
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N ~ (CH2)n " W2 (VH) 
wherein R 1 , R2 „ an d X are defined as in claim I and w2 is an appropriate leaving 
group, in a reaction-inert solvent; 

d) ^alkylating an intermediate of formula (XV) 

K^/~ N_H <xv) 

wherein X, R> and R2 are defined as in claim ! . with an intermediate of formula (XVI) 

W - (CnA ~ N \_y N -0 R , (XV ° 
wherein n. R3 and R4 are defined as in claim I and W2 j s an appropriate leaving group, 
in a reaction-inert solvent, in the presence of a suitable base; 

e) converting compounds of formula (I) into each other following art-known 
transformations, and further, if desired, converting the compounds of formula (I), into a 
therapeutically active non-toxic acid addition salt by treatment with an acid, or 
conversely, converting the acid addition salt form into the free base by treatment with 
alkali; and. if desired, preparing stereochemical^ isomeric forms or W-oxidcs thereof. 

I I . A process of marking a dopamine D4 receptor comprising the steps of 

a) radiolabelling a compound as claimed in claim 1 : 

b) administering said radiolabelled compound to biological material, 

c) detecting the emissions from the nuiiolabcllcd compound. 

12. A process of imaging an organ. fibar^ieijaeilJbx, administering a sufficient amount 
of a radiolabelled compound of formula (I) in an appropriate compositibn. whereby 
said compound binds to the dopamine D 4 receptor sites; and detecting the 
emissions from the radioactive compound. 
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